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Rooms  117,  5 and  6,  Osmond  Laboratory 
Department  of  Physics 
The  Pennsylvania  Stats  College 
June  4-5,  1952. 


Wednesday,  June  4* 

Ilf 00  A.M.  Room  117,  Osmond  Laboratory 
(1)  Introductory  Remwrkg  Survey  of  Activities s R.  Pepinaky. 


2x00  PoM.  Ross  117,  Osmond  Laboratory 


(2) 

Completion  of  Survey  and  In  production 

to  Biochemical 

Proerami  R.  Pep.tnskv. 

(3) 

Selection  and  Preparation; 

Wo  Go  and  Go  Overend. 

(4) 

Terrancrcin  and  /‘ureoctycipt  T.  Watanabe 

and  To  Doyne. 

(5) 

PodoDhvllotozin x W.  G.  Pardok. 

(6) 

Jervine:  R«  Collin 

(7) 

Pvridvl  Antihistamine si  Jf  Rathl6v. 

(8) 

Castoraminei  K.  Ericks. 

(9) 

DicvcloDentadiene  Iron*  P.  F.  Eiland 

(10) 

Geieer  Counter  Spectrometer i P.  Fo  Eil 

and 

ers  P#  Fo  Eiland 


af 
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' ?00  PoM«  Rooms  5 and  6,  Osmond  Laboratory® 
" T Tnur  and  Discus  “ 1 - 


Demonstrations  of  X-rey  equipment,  chemistry  and  mloro- 
sooplc  laboratories,  low-tempert tore  X-ray  laooratory,  micro 


Dean  A-ray  wu=o« 


7:30  P.M.  Buffet  Dinner,  Autoport  Terracs* 
(sfe.00  per  person). 

9:00  P.M.  Dance,  Autoport 

($1.25  per  couple). 


Thursday,  June  5* 

9:30  A.H.  Room  6,  Ormond  Laboratory® 
Demonstration  of  X-RAC  and  S-FAC. 


(11) 

(12) 


11*00  A.M.  Rom  117,  Osmond  Laboratory. 

Recording*  A.  Hoodie  and  T.  Noguchi 

nir— n-  of  Htf  «*  tea*  R*pepin8ky 


(13) 

(U) 

(15) 

(16) 


p:00  P.M.  Room  117,  Osmond  Laboratory. 

TVnfrrfia  on  frTtrtffll  Transitions*  R*  Pflpinaky 

..^ainatnaito  in  the  Perovgkltea*  Shirane 
nwanU.e  Structural! * A.  Magneli 

Ti  nnpltl-nr  jn  &e  ™ hydro  an  Phosphateg 
B.  C.  Frazer. 

The  Trans  it  1.03 » K«  Keeling 


LiNH^Tartrate  • HgOi  R.  Vomon 
NH^.P0j*6HoQg  K.  Drenck 


it  E.  J„  Rock  and  H.  Danner 


P *VvT»  w * 5Bbf3^55  E 


Bsrstss  P*  Tamarkin  and 


W.  Canty 


«ic  Activity t G.  Bajrssh 


4 s 00  F.M.  Room  .a  5 and  6,  Osmond  Laboratory 

Demonstrations  of  crystal  growth  equipment,  dielectric,  piezo- 
electric, thermal  and  electromechanical  transducer  measurements. 
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Remarks  on  the  Occaalon  of' 
the  Installation  of  S-FAC. 


During  each  of  the  first  two  years  of  the  thr«®  since  cur 
X-ray  program  was  initiated  at  Penn  State  - succeeding  that  of  Pro- 
fessor Wheeler  Davay  who  founded  and  gave  a high  reputation  to  work 
in  the  X-ray  field  in  this  College  - we  held  a little  meeting  here 
with  some  of  our  colleagues  in  the  world  of  X-ray  analysis,  to  discuss 
aspects  of  the  state  of  our  science , and  to  review  at  the  same  time 
the  activities  of  our  own  laboratory.  This  present  meeting,  which 
you  grace  with  your  presence,  is  in  part  a continuance  of  this  cus- 
tom. This  year  we  have  felt  *he  need  for  something  more  than  this, 
however.  A university  is  a collection  of  scholars  — not,  as  is 
engrave'  on  every  university  library  (ours  not  excepted)  a collection 
of  boohs j and  the  strength  of  a txni'^ersity  depends  as  much  upon  the 
sharing  of  scholarship  euid  of  ideas  cr  it  dees  upon  the  individual 
competence  of  its  faculty.  We  are  fortunate  to  have  certain  strong 
scientific  bonds  with  our  Penn  State  colleagues  in  chemistry,  mineral 
sciences,  engineering  and  mathematics.  We  have  strong  interests  in 
other  fields  of  knowledge  and  scholarship,  however,  even  though  our 
interests  ere  certainly  noT5-professional|  and  we  treasure  the  thought 
that  some  of  our  fellows  on  the  faculty,  scientists  and  nos— scientists 
alike,  and  even  members  of  that  Elysian  class,  our  administrators, 
would  like  to  gain  a closer  view  of  what  goes  on  in  our  minds  and  our 


laboratories 


It  is  for  this  reason  that  we  have  invited  to  the  present 
discussions  and  demonstrations  a good  number  of  non-crystallographers  and 
non-physicists  of  this  campus.  We  shall  not  talk  down  to  you.  X-ray 
crystal  analysis  is  an  esoteric  activity  at  best*  We  utilize  X-rays* 
which  no  UmS  CSl*  I3S  a,  to  trace  the  positions  of  electrons*  atoms  and 
molecules  — which  no  one  can  see  also  - in  solids.  But  we  want  to  tell 
you  why  we  do  this,  and  how,  and  what  cur  results  might  mean.  We  want 
to  show  you  a team  of  investigators,  at  work  on  a closely-knit  plexus 
of  problems,  with  fine  modem  tools  and  techniques.  And  we  want  to  show 
you  how  our  students  * re  trained,  directly  in  the  frontier  problems  of 
science,  and  what  they  are  accomplishing  during  this  training.  So  for 
two  days  we  shall  be  carrying  on  a sort  of  five-ring  circus.  We  will 
try  to  show  the  non-scientists  among  you  what  we  are  concerned  with  as 
scientists,  bow  we  approach  these  problems,  how  our  research  is  organ- 
ized, and  what  our  tools  - and  ourselves  - look  like.  We  will  try  to 
show  our  oolleagues  who  are  chemists,  engineers,  mineralogists,  bio- 
logists, and  so  on,  how  our  methods  can  aid  in  the  solution  of  their 
own  problems.  Wo  will  discuss  and  demonstrate  our  program  and  proce- 
dures for  student  training.  We  will  review  and  discuss  our  specif io 
activities  in  X-ray  analysis  and  solid  state  physics  with  the  experts 
in  these  fields  who  have  so  kindly  joined  us  for  this  occasion.  We 
will  introduce  you  all  to  the  several  foreign  visiters  in  our  group, 
of  whose  participation  in  our  program  we  are  particularly  proud t And 
we  will  attempt  to  express  cur  gratitude  to  both  The  Pennsylvania 
State  College  and  the  various  outside  agencies  which  have  provided 
support  for  our  work. 


S-FACt  A Hay  Tool  in  X-Ray  Analysis. 

The  excuse  for  this  gathering  is  the  placing  in  operation 
of  a new  tool  in  X-ray  analysis  — our  computer  3 -FAC.  The  name,  like 
a railroad  timetable,  is  meant  to  ba  read  backwards*4 

C = computer 

A = analogue 

S-F  = structure -factor. 

This  classifies  S-FAC  as  a machine  which  calculates  how  a given  structure 

cf  atoms  will  scatter  X-rays j and  it  indicates  that  the  machine  simu- 
lates a calculation,  instead  of  aotually  performing  it  with  numbers. 

3-FAC  is  one  of  two  computers  in  our  lsboratory.  It  is 
actually  a little  brother  to  X-RAC,  our  machine  for  calculating  atomic 
arrangements  in  crystals  from  X-ray  scattering  measurements.  These  two 
machines  operate  so  rapidly,  and  are  30  matched  to  the  information  which 
is  available  to  us  from  cur  experimental  measurements  and  the  informa- 
tion which  our  minds  oan  utilise,  that  they  permit  us  inserve  a 
iwflY-fTmrat  amount  of  our  time  and,  mental  powers  for  thlmc_ag.  rather  than 
wasting  these  on  computational  drudgery. 

S-FAG  and  X-RAC  are  maohines  which  could  not  have  been 
built  in  a university  a dozen  years  ago.  They  represent  the  fruit  of 
organized  research,  combining  the  mind  and  competence  of  investigators 
from  several  different  scientific  discipline sj  and,  more  important  in  a 
practical  sense,  they  represent  the  fruit  of  organized  support  for  such 
research. 

Among  the  aims  of  this  gathering  is  farther  public  acknowl- 
edgement of  the  very  great  gratitude  we  feel  toward  the  Office  of  Naval 


I ow  this  joke  to  Hr.  Morse,  our  provost. 


EH 


Research,  which  has  provided  contract  funds  for  the  construction, 
operation,  utilization  and  further  development  of  our  computer a.  The 
Office  of  Naval  Research  is  represented  here  today  by  Dr*  Kelson  M* 
Blaehnan  of*  the  Mathematical  Sciences  Division,  Computer  Branch,  and  by 
Dr.  A.  W.  Pryce  of  the  Physics  Branch.  We  are  not  only  happy  to  have 
another  opportunity  to  express  our  appreciation  of  ths  support  which 
the  Office  of  Naval  Research  has  given  us,  but  we  are  grateful  for  the 
visit  of  these  two  representatives. 

Low-Temperature  Research. 

As  we  discuss  various  aspects  of  our  activities,  you  will 
observe  that  about  half  of  our  crystal  structural  studies  are  directed 
at  elucidation  of  molecular  configurations  of  biochemical  compound 8 of 
medical  importance,  and  the  rest  are  concerned  with  more  fundamental 
problems  of  interatomic  bonding  and  crystal  transitions.  In  the  lattor 
problems  vb  find  it  necessary  to  make  measurements  over  very  vide 
temperature  ranges.  The  most  interesting  and  revealing  studies  are 
those  at  very  low  temperatures  — as  close  as  possible  to  absolute  zero. 
We  are  pleased  to  be  able  to  show  you  a machine  which  we  have  recently 
acquired  far  the  production  of  these  extremely  low  temperatures.  This 
It  our  Collins  Cryostat  for  liquid  helium  production. 

Our  low-temperature  program  is  supported  to  a large  extent 
by  the  Air  Research  and  Development  Command,  under  a contract  issued 
from  the  Wright  Air  Development  Center » We  are  very  pleas Jd  to  have 
Mr.  William  M.  Schofield  here,  representing  that  agercy.  to  review  the 


i 

\ 
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uork  which  we  are  conducting  under  Air  Force  support}  and  we  are  de- 
lighted to  be  able  to  acknowledge  that  support.  Helium  gas  for  liqui- 

! 

faction  ia  supplied  to  us  by  the  Office  of  Navel  Research.  1 

You  will  ace,  among  other  things*  the  beautiful  lcw-tempera- 
turs  X-ray  camera  which  lias  been  constructed  by  cir  School  of  Chemistry 
and  Physic c Shop.  This  camera  has  teen  constructed  under  our  contract 

with  the  Signal  Corps  Engineering  Laboratories.  j 

Other  Acknowledgements  of  Support. 

In  the  survey  of  research  activities  with  which  you  have 
been  provided*  acknowledgement  is  made  of  support  from  a number  of  other 
organizations • We  have  taken  great  pride  in  grants  from  the  Rockefeller 
Foundation*  the  Research  Corporation*  the  Eli  Lilly  Company*  Charles 
Pfizer  and  Co.,  the  DuPont  company*  and  the  Gulf  Re  sear  oh  Laboratory* 
for  support  of  our  biochemical  studies.  The  Office  of  Naval  Research 
has  also  supported  these  studies.  Our  electromechanical  transducer 
program  is  supported  also  by  the  Office  of  Naval  Research. 

Orr  fine  laboratories  are  in  themselves  clear  evidence  of 
our  vast  debt  to  the  College  administration.  (Diagrams  of  the  laboratory 
layouts  are  included  in  the  Survey).  We  expect  soon  to  be  able  to  move 
almost  all  X-ray  equipment  into  room  7,  adjacent  to  our  present  space  j 
and  completion  of  this  arrangement  will  provide  us  with  the  finest 

* 

physical  facilities  I have  seen  anywhere. 
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Yj  siting  Crrstallograflhers . 

We  have  two  categories  of  visitors  with  ua,  who  are  actively 
engaged  in  crystallographic  research.  The  first  group  I will  introduce 
to  you  are  friends  who  are  here  just  for  the  meeting  today  and  tomorrow. 
These  are,  in  alphabetical  order* 

Prof.  Joseph  D.K.  and  Dr.  Gabrielis  Donnay,  from  The  John 

Hopkins  University,  Department  of  Geology  and  Chemistry. 

Dr.  David  Barker,  director  of  the  Protein  Project,  at  the 
Polytechnic  Institute  of  Brooklyn- 

Dr.  Jerome  and  Dr.  Isabella  Karle,  from  the  Naval  Research 
Laboratory  in  Washington. 

Dr.  John  Kasper,  from  the  General  Electric  Research  Labora- 
tories in  Schenectady. 

Dr.  A.  L.  and  Dr.  Elizabeth  Patterson,  from  the  Institute 
for  Cancer  Research,  Lankenau  Hospital,  Philadelphia. 

Wa  have  already  acknowledged  the  presence  of  Dr.  A.  W.  Pryce 
and  Dr.  Kelson  H.  rilachaan  of  the  Office  cf  Naval  Research,  and  Mr*  William 
Schofield  of  the  Wright  Air  Development  Center. 

The  second  group  of  visitors  call  other  laboratories  their 
homes,  hut  they  are  here  with  us  on  extended  stays  from  several  months 
to  two  or  more  years.  I will  list  these  in  the  order  of  their  appearance 
in  our  Survey. 

l)r.  Alexander  Mocxiie , from  the  Australian  Commonwealth  Scien- 
tific and  Industrial  Research  Organization  in  Melbourne.  Dr.  Moodie  is 


3 

f 


here  to  learn  about  the  construction  and  inner  workings  of  I -RAC  and 
S-PAC,  In  order  that  similar  machines  can  be  constructed  in  Australia. 


I Sf£s 


» mtmm  mmum BtmmnMM^^* __ 


i « 


SL 

*. 

Sj’ 

?; 

K 


I 


*1 

ft 


**i 

<•! 


•V 

t\ 

i 

V 


* 

4 

r 

•*. 

k 

« 

, 

*• 

? 

t 

ii 

•I  i 


* : 

'r  I 

* 

I 

i 


v- 

i 

* 

t 

f 

$ 

* 


i 

t 

i 

i 

I 

i 


-7- 


He  has  been  in  charge  of  the  construction  of  the  facsimile  recorder  for 
the  computers,  in  addition  to  his  other  activities^  and  he  is  an  indis- 
pensable member  of  the  Penn  State  cricket  team. 

Mr.  Teruo  Noguchi;  from  Osaka  University  in  Japan.  Hr.  Nogu- 
chi is  an  experienced  electronic  circuit  designer.  He  is  working  with 
Ur.  Moodie  on  the  facsimile  recorder,  and  is  aiding  as  well  in  X-ray 
photon  counter  system  design. 

Prof.  Alberto  Calderon,  from  Argentina,  and  now  at  Ohio  State 
University,  is  a consultant  on  cur  theoretical  program,  a frequent  visitor, 
and  a close  member  of  our  group.  He  is  also  our  chief  instructor  in  the 
tango. 

Prof.  Ka j and  Mrs.  Karin  Drench,  from  Copenhagen.  The  Drencks 
are  no  longer  considered  visitors,  and  will  ultimately  become  permanent 
members  of  our  staff.  Mrs.  Drenck  has  been  our  chief  editorial  assistant, 
and  has  piepared  for  publication  the  reports  of  our  first  conference  on 
Commuting  Methods  and  the  Phase  Problem  in  X-Ray  Ana’ysiss  and  Prof. 
Drenck  has  designed  our  fine-focus  X-ray  systems,  directed  construction 
of  our  latest  photon  counter  circuits,  directed  the  installation  of  our 
Collins  cryostat,  assisted  in  dielectric  crystal  measurements,  and  is 
now  carrying  cut  an  X-ray  analysis  of  ammonium  metaphosphate. 

Dr.  Gen  Shirane,  from  the  Tokyo  Institute  of  Technology,  who 
is  one  cf  the  leading  research  workers  in  solid  state  physics,  ard  who 
is  conducting  dielectric.  X-ray,  thermal  and  mechanical  measurements  on 
crystals. 


on 


Mr.  Francis  is  a 


Mr.  EUSuaC^  Sdgerton  Francis,  from  Jamaica* 
graduate  assistant  in  the  dielectric  Measurements  program.  He  is  another 
of  our  cricket  experts. 

Prof.  Wiepko  G.  Perdok,  from  the  University  of  Groningen,  Nether- 
lands. Prof.  Perdok  is  one  cf  the  world's  leading  crystal  morphologists, 
and  he  is  our  encyclopedia  and  guide  in  all  matters  relating  to  external 
crystal  measurements.  He  is  also  conducting  an  X-ray  analysis  of  the 
important  antimitotic  agent  podophyllotoxin . 

Dr.  Franco  Jon®  will  arrive  in  our  laboratory  the  day  after  our 
meetings,  from  the  Eidgenossisohe  Techr.ischs  Hochschule  in  Zurich,  Switzer- 
land. He  will  direct  new  instrumentation  of  our  dielectric  and  mechanical 
crystal  measurements. 

Dr.  Klaas  Eriks  and  Mrs.  Maartje  Eriks,  from  the  University  of 
Amsterdam.  Dr.  Eriks  ic  another  of  the  very  competent  students  of  our  dear 
friend  Prof.  Caroline  Mac Gill avry  of  Amsterdam,  the  third  such  we  have 
enjoyed  in  our  group.  He  is  at  present  analyzing  the  structure  of  a new 
biochemical,  castoraaino,  Mrs.  Eriks  is  assiting  ira  the  dielectric  measure- 

w a ryr* - 

Mr.  Gerhard  Bersch  is  from  the  Technical  University  of  Berlin, 
and  his  presence  here  in  sponsored  by  the  U.S.  High  Commisioner  for  Germany 
and  the  Department  of  State's  Youth  Activities  Branch.  He  is  our  theore- 
tical physicist,  and  has  been  carrying  on  studies  of  crystal  transitions, 
the  nature  of  ferroelectric  activity  in  crystals,  and  some  aspects  of  the 
phase  problem  La  X-ray  analysis. 


•mm** 


Prof.  Arne  Magneli  is  cur  second  visitor  from  Prof.  Gunner 


Hagg’s  great  laboratory  in  Uppsala,  Sweden.  He  is  engaged  in  various 


inorganic  structural  studies  connected  with  our  ferroelectric  research, 


particularly  on  members  of  the  lljnenit*  group,  and  v the  acknowledged 


expert  in  the  structural  chemistry  of  tungsten  and  v bdenum  oxides. 


Prof.  Tokunosuke  Watanabe  tsfrom  Osaka  University,  Japan. 


We  feel  extremely  fortunate  in  our  association  with  Prof.  Watanabe,  one 


of  the  foremost.  X-ray  analysts  of  his  country,  and  Japan  has  been  a 


leader  in  this  scientific  field.  Prof.  Watanabe  is  at  present  engaged 


in  the  very  difficult  analyses  of  terraigycin  and  aureomycinj  and  he 


has  completed  a structural  study  of  a halogenated  methyl  tropolone. 


Prof.  Octavio  Cano-Corona,  hoia  on  a Rockefeller  Foundation 


fellowship  from  the  University  of  Mexico,  is  working  with  Dr.  Robert 


Collin  on  the  structure  of  the  important  alkaloid  jervine , and  also 


assists  in  powder  diffraction  analyses. 


Mr.  Jurgen  Rathlev,  from  the  Technical  University  of  Copen- 


hagen, Denmark,  is  just  completing  an  analysis  of  th3  structure  of  a 


pyridil  antihistamine,  and  has  conducted  studies  on  a-lipoic  acid,  one 


of  the  B-group  vitamir.es.  Mr.  Rathiev  is  an  expert  both  in  X-ray 


analysis  and  mountain  climbing. 


Prof.  Gerhard  Schmidt,  of  the  Weissman  institute  in  Rehovoth, 


Israel,  wi  join  us,  under  a grant  from  the  Rockofeller  Foundation,  at 


the  end  of  the  present  raenth.  Prof.  Schmidt  will  undertake  an  analysis 


of  cyclic  polypeptide  antibiotics,  and  particularly  Gramicidin-S. 


'OvT 
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Dr.  George  Overend  and  Mrs.  Gina  Overend,  from  the  laboratory  of 
Prof.  M.  Stacey  of  the  University  of  Birmingham,  England,  are  here  under  our 
Rockefeller  Foundation  grant  for  biochemical  research.  They  have  guided 
our  choice  of  biochemical3  for  X-ray  analysis,  and  have  prepared  the  proper 
crystalline  derivatives  for  these  studies.  Preparation  of  proper  crystals 
is  the  most  important  step  in  tbs  X-ray  studies,  and  our  progress  with  the 
structural  analyses  of  a good  number  of  compounds  is  directly  due  to  the 
efforts  of  these  extremely  able  investigators. 

Mr.  Niels  Olesen,  from  the  Technical  University  or  Copenhagen, 
Denmark,  is  now  in  charge  of  operation  of  the  Collins  cryostat  and  associated 
instrumentation^  He  will  also  assist  in  the  instrumentation  of  our  high- 
brilliance  micro-focus  X-ray  tubes. 

Other  investigators  from  outside  the  country  who  are  coming 

shortly  are: 

Mr.  Jorge  R.  Cordero-Funas,  an  electronic  engineer  from 
Buenos  Aires,  Argentina? 

Dr.  R.V.G.  Sundero-Rao,  a solid-state  physicist  from  Osmanla 
University,  Hyderabad,  India? 

Prof.  Elysiaro  Tavora,  an  outstanding  X-ray  analyst  from  the 
the  Faculdade  Nacional  de  Filoscfia,  Rio  de  Janeiro, 

Brazil? 

Dr.  Donald  Smits,  an  X-ray  analyst  from  the  laboratory  of 

Prof.  Wiebenga  in  the  University  of  Groningen,  Nether- 


lands 


-n- 


Mr.  Henri  Diamant,  an  electronics  engineer,  trained  at  the 
Technical  University  of  Copenhagen,  Denmark. 

Mrs.  Tara  Purshottam,  from  India,  but  trained  in  biochemistry 
At  Penn  Stat  e . 


fain  Laboratory  Staff . 


Visitors  from  outside  the  country  comprise  between  25  and  30% 
of  our  personnel.  The  large  number  of  American  staff  members  precludes  my 
doing  much  more  than  referring  you  to  the  Survey  for  names  and  activities. 
The  scientific  group  does  include: 

Dr.  Elizabeth  Rock,  in  charge  of  themal  measurements; 

Professor  Paul  Tamar  kin , in  charge  of  electro-mechanical  trans- 
ducer measurements; 

Dr-.  Robert  Collin,  conducting  the  X-ray  analysis  of  the  alkaloid 
0 jervine; 

Mr.  Paul  Jarmot z,  our  chief  electronics  designer;  in  charge  of 

the  computer  construction  program; 

Mr.  Benjamin  Chalmers  Frazer,  > on  low  temperature 
and  ^ X-ray  analyses  and 

Mr  . Holland  Keeling  ] dielectric  measurements . 

Mr.  Philip  Frank  Eiland,  on  biochemical  structure  analyses 

and  Geiger  counter  spectrometer  measurements; 

Mrs.  Beverly  Brown,  in  charge  cf  X-RAC  and  S-FAC  computing; 

Mr.  Thomas  Doyne,  on  the  terramycin-aureomycin  X-ray  analysis; 

Mr.  Robert  Vernon,  on  the  LiHH^tartrat-e’H^  structure  analysis; 

Dr.  Waldemar  Scheyer  \ 


Mr.  Edward  Zemyan 
Mr-  Elliott  Burrell 


on  crystal  synthesis; 


Mr.  William  Pavelich 
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Mr.  Horace  Danner,  on  thermal  measurements ; 

Mr.  William  Canty,  on  the  electromechanical  transducer 
measurements ; 


Mr.  Clifford  McCarty  \ 
Mr.  John  McLaughlin  I 


on  dielectric  measurements; 


I do  not  list  here  our  fine  group  of  electronics,  machine  shop, 
photographic,  drafting,  and  general  laboratory  technicians.  We  have  also  - 
as  you  can  readily  see  - a competent  ar.d  long-suffering  group  of  secretarial 
and  office  assistant. 

Nineteen  of  our  personnel  are  graduate  students,  some  taking 
degrees  at  Penn  State  arid  others  doing  research  here  which  will  be  applied 
toward  higher  degrees  in  other  countries.  Each  student  works  directly 
under  a competent  senior  investigator. 

Concerning  the  Propram  for  turn., M anting  . 

This  is  cur  staff . Our  intention  is  that  you  meet  these  people 
and  have  them  explain  their  work  to  you.  I would  now  like  to  tell  you 
our  specific  plans  for  this  meeting. 

I will  devote  the  remainder  of  this  morning  to  a general  review 
of  the  laboratory  program,  foiaovdng  the  Survey  prepared  for  you.  Wa 
will  return  at  2 P.M.  for  a series  of  very  short  discussions  of  some  of 
the  work  in  progress,  presented  by  the  investigators  involved;  and  we 
will  then  spend  an  hour  or  so  in  the  laboratory,  viewing  this  work  in 
progress  and  providing  you  with  opportunity  for  direct  discussions  with 


the  investigators. 
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On  Thursday  morning  we  will  view  the  computers,  and  then 
discuss  procedures  for  their  use.  This  will  require  the  participation 
of  our  visitors.  On  Thursday  afternoon  we  will  continue  presentations 
of  specific  research,  and  proceed  then  to  additional  direct  discussions 
in  the  laboratory. 

All  of  you  will  be  aware  of  the  dinner  thi3  evening,  on  the 
Terrace  of  the  Autoport,  at  7:30  F 11.  This  will  be  followed  at  9:00  P.M. 
by  a dance  at  the  Auto  port.  V.e  snatch  at  any  opportunity  to  organize 
a dance,  and  this  meeting  was  an  obvious  chance  which  we  could  scarcely 
resist.  Mrs.  Fepinsky  and  the  Office  Staff  are  responsible  for  these 
arrangements,  which  sound  fairly  interesting  to  me. 

Our  Provost,  -»r.  Morse,  has  agreed  to  make  a few  well-chosen 
remarks  after  the  dinner;  and  I herewith  warn  our  visiting  crystallographers, 
and  our  Navy  and  Wright  Field  friends,  that  they  may  anticipate  calls  for 
'similar  service  - similarly  limited  in  extent,  of  course. 


Survey  of  Research  and  Personnel  under  Direction 
of  Prof.  Ray  Pepinsky,  I-Ray  and  Solid  State  Laboratory, 
Department  of  Phyaiosi  The  Pennsylvania  State  College,  May  1 t 1952* 
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and  Investigators  under  Direction 
La  Stats  College  X-Ray  and  Solid  3t 


I.  El# 


A*  Eleotronio  Development  and  Operations* 

Dr*  R.  Pepinaky,  Rasaaroh  Professor*  thsory  and  design  of 
I -RAC  and  S-FAC. 

Paul  Jar roots , Rasaaroh  Aaaoolatat  ohlaf  electronic  designer* 
Dr.  Alexander  F.  Mocdle,  Research  Aeaoolate*  *l*otronio 
designer  and  theoretician. 

Teruo  Noguchi,  Research  Assistant*  eleotronio  designer* 

Jorge  R.  Cordero-Funas**  Rasaaroh  Assistant*  eleotronio 
designer. 

Charles  Deads  ^ 

Alan  R.  Gedanoe  | 

Edward  Greenberg  l 

Mahlon  S.  Knott  eleotronio  teahnioians* 

Clifford  G.  StebbVna 
M*  Dean  Underuood 

Aside  frcsa  maintenance  and  developmental  changes  of  I-RAC , 
this  group  is  now  chiefly  concerned  with  the  completion  end 
operation  of  S-FAC,  the  structure -factor  computer * and  with  fac- 
simile recording  of  X-RAC  signals. 


B*  Coaputing  Grout 


Beverly  R.  Broun,  Research  Assistant*  in  charge  of  X-RAO 
computations. 

P.  Frank  Eiland,  Graduate  Fellow*  orystallograpbsr. 

Helen  Clements  \ 

Sara  A.  Budinger  > computers. 

Richard  Voigtoberger  1 
Robert  Ebeling  1 . . . 

Kaloom  Eokley  \ Photographers. 

Silvia1* 11 ver*^7  } photographic  assistants. 


beginning  July,  1952 
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This  group  is  concerned  with  the  actual  operation  of  X-RAC  on 
crystal-structural  problems*  the  computations  of  structure-factors 
for  refinement  of  analyses*  and  the  preparation  and  filing  of  all 
data*  Sons  5000  syntheses  hare  been  photographed  since  x—RAO  vsb 
installed  at  Penn  State*  and  the  machine  haa  assisted  in  approxi- 
mately 150  atruoture  analyse i* 

II.  I-Ray  Analysis  Theoretical  Program  >.  under  Contrast  ..vita  ,gg£ia&-g£ 

Havel  Research* 

Dr*  R*  Peplnskyi  theory  of  phase  determination.  (See  also  I A}* 

Dr*  Alberto  Calderon*  Mathematical  Consultant i Fourier 
theory* 

Dr.  Alexander  F.  Hoodie,  Research  Associate!  phase  theory* 

(See  also  I A). 

This  group*  which  during  the  past  two  and  a half  years  haa  also 
included  Dr.  Caroline  H.  MaoGillavry,  Dr.  J.  A.  Goedkoop*  Dr. 

William  Cochrane  and  Dr.  Edwin  AkutevlaB;  has  been  oonoemed  with 
alleviation  of  the  phase  difficulty  in  X-ray  analysis.  Two  con- 
ferences on  the  theory  of  analyse a have  bean  bald  at  Penn  State* 
one  in  April*  1950  and  the  seoond  in  April*  1951*  Several  major 
papera  have  been  prepared  in  the  field  from  this  laboratory*  and 
a volume  of  papera  from  the  1950  conference  will  he  published  in 
June*  1952. 
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III.  Solid  State  .Program,  undor.oo.ntreQta  .with  Signal  Corps  -Engineering 

Laboratory.  Office  ,of_Air  Research,  and  Office  of  Naval  Research* 

A.  Electrical . Mechanical.  Oct losl.and  Thermal  Measurements. 

Dr.  R.  Pepinsky,  Project  Director!  crystal  posies  and 
chemistry)  equipment  design.  (See  also 
I A,  IX.; 
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Dr*  E.  -J.  Rock,  Research  Associate t specific  heat  and 
entropy  measurements}  helium  cryostat 
operation. 

Horace  Danner,  (Graduate  Assistant!  thermal  measurements. 

John  Slezak,  Technician!  thermal  measurements. 

KaJ  Drenck,  Visiting  Asst.  Professor i in  charge  of  helium 
cryostat  operation. 

James  McCann,  Technician!  helium  liqulfler  operation. 

Dr.  Gen  Shirans,  Research  Assooiatei  thermal  and  mechanical 
measurements. 

Rolland  Keeling,  Research  Assistant!  dieleotrio  and  piezo- 
electric resonance  measurements* 

B.  Chalmers  Frazer,  Graduate  Fellowi  dieloctrio  measurements, 

Euataos  E.  Franoia,  Graduate  Assistant;  dielectrio  measure- 
ments. 

Clifford  MoCarty,  Research  Assistant!  dielectric  and  piezo- 
eleotrio  measurements}  crystal  plating} 
equipment  design. 

John  McLaughlin,  Technician;  dieleotrio  measurements. 

Dr.  Paul  Tamarkln,  Asst.  Professor!  electromechanical  trans- 
ducer measurements}  acoustical  tank  design. 

William  Canty,  Graduate  Assistant;  electromechanical  trans- 
ducer measurements}  electronic  circuit 
design. 

Carl  Kiroher,  Teehniciam  electronic  construction  for 
electromechanical  measurements. 

Dr.  Wiepko  G.  Perdok,  Research  Associate!  optical  and  micro- 
scopic measurements  of  crystals  and  orystal 
transitions. 

Dr.  Franco  Jon*  , Research  Associate!  crystal  elasticity 
measurements}  general  crystal  physios. 

Dr.  R.  V.  G.  Sundora-Rao  , Research  Associate!  crystal 
elasticity  measurements}  general  orystal 
physios. 

Robert  E.  Nevnham*,  Research  Assistants  dielectrio  and 
piezoelectric  measurement.'  . 


Thia  group  is  oonoerned  with  electric,  mechanical,  optical  and 
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thermal  measurements  of  crystals,  for  applications  as  ferroelectric®, 

t 

high  dieleotrios,  piezo-electric  frequency-control  elements,  electro- 

,4 

meohanioal  transducers,  etc.  Physical  measurements  have  been  made 
on  several  hundred  crystals,  and  several  new  ferroelectrics  arid 
high  dielectrics  have  been  diacovered. 

| 

“Beginning  June,  1952. 

■“^Beginning  September,  1952. 
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B.  Crystal  Preparation  for  Physical  Measurements* 

Dr.  Waldumar  Scheyer,  Research  Assistant*  chemist*  prepara- 
tion of  incrganie  end  organic  crystals  from 
solutions  and  gels* 

Edward  Zemyan,  Research  Assistant*  chemist*  preparation  of 
crystals  at  high  temperatures  from  solu- 
tions* and  from  vapor  phase* 

Maartje  Eriks*  Technicians  crystal  preparation  and  ohemical 
analyses. 

Dr.  Franco  Jona  , Research  Associate*  special  crystal  growth 
problems.  (See  also  III  A). 

This  group  is  concerned  with  the  synthesis  of  compounds  and 
the  preparation  of  materials  suitable  for  physical  measurements* 


C*  Theoretical  Studies? 

Dr.  R.  Pepinsky*  Research  Professor*  crystal  ohsmistry* 
theory  of  crystal  transitions.  (See  also 
I A,  II,  III  A.) 

Gerhard  Barsch,  Research  Fellcy?  thermodynamic  and  elaotro- 
optical  theoretical  studies. 

Dr.  Paul  Taraarkin,  Asr't.  Professor*  theory  of  acoustical 
waves  in  solids.  (See  also  III  A)* 

Dr.  Arne  Kilgneli,  Research  Associates  crystal  chemistry. 

Dr.  Franco  Jona*,  Research  Associate*  theory  of  ferroelec- 
tric activity.  (See  also  III  A,  B.) 

This  jp-cup  is  concerned  with  theoretical  studies  in  crystal 
phyeloB  and  crystal  chemistry , and  the  nature  of  inter-atomic 
bonding  and  crystal  transitions. 


D • X-Ray  Analysis  of  Crystal  .Transitions. 

Dr.  R.  Pepin sky s Research  Professor*  theory  and  experi- 
mental design  of  X-ray  analyses  of  crystal 
transitions.  (See  also  I A,  II,  III  A,  C). 

B.  Chalmers  Fraaer,  Research  Fellow*  low- temperature  X-ray 
analysis  of  dihydrogen  phosphate  transi- 
tions. (See  also  III  A.) 

Robert  C»  Vernon,  Graduate  Assistant*  X-ray  analysis  of 
LiNH^tartrate»H20. 


Beginning  June,  1952 
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Holland  Keeling,  Research  Assistant i low-temperature  X-ray 
analyses  of  ammonium  transit lone  and  dihy- 
drogen phosphates*  (See  also  III  A*) 

Kaj  Drenck,  Visiting  Asst.  Professor*  X-ray  analysis  of 
ferroeleotrio  ammonium  metaphosphate. 

(See  also  III  A.) 

Dr.  Tokunosuks  Watanabe',  Research  Associate*  X-ray  analysis 
of  complex  halides  and  oxy-halldea. 

Dr.  Gen  Shirane,  Research  Associate*  X-ray  analysis  of 

perovskite-type  ferroeleotrio s and  anti- 
ferroaleotrics.  (See  alBo  III  A.) 

Dr.  Arno  MSgneli,  Research  Associate*  X-ray  analysia  of 
molybdenum  oxide  and  tungsten  oxide 
systems.  (See  also  III  C.) 

Ootavio  Cano-Corona , Rookefeller  Fellow?  X-ray  powder 
analyses  of  ferroeleotrio  crystals. 

Maartje  Eriks,  Taohniaian*  X-ray  powder  analyses.  (See 
also  III  B.) 

Toruo  Noguohi,  Research  Assistant*  X-ray  analyses  of  crystal 
transitions!  in  charge  of  direot  photon- 
counter  measurements.  (See  also  I A.) 

Dr.  Robert  Collin,  Research  Associate*  diffuse  scattering  of 
X-rays  due  to  thermal  vibrations  in 
crystals. 

Two  or  more  graduate  students  will  be  added  to  this  program  in 
the  Fall  of  1952. 

The  X-ray  group  investigates  the  structural  mechanisms  of 
crystal  transitional  high  dielectric,  piezoelectric  and  ferroeleotrio 
activity!  thermal  vibrations  in  crystals!  crystal  elasticity  pro- 
perties! a’.id  speoial  problems  in  crystal  ohemistrye  The  ferro- 
eleotrio transition  of  KHjPOy  has  been  fully  analyzed!  the  struc- 
ture of  LiNH^tartrate .HjO  above  its  Curie  point  has  been  deter- 
mined! the  fitruoture  of  H^PC^  has  boen  analyzed!  and  studies  of 
psrovskite  and  related  oloae-paoked  oxygen  network  ferroeleotrios 
and  ar.tiferroeleotrios  are  in  progress,  as  are  studies  of  ocraplex 
halides  and  oxy-halldas,  and  of  additional  tartrates  and  phosphates. 


Dr»  A.  Pepinsky,  Research  Professors  selection  of  compound* 
for  analyses*  direction  of  X-ray  analyses 
and  computational  procedures.  (See  also 
I A,  II,  III.) 

P.  Frank  Eiland,  Research  Fallow*  assistant  director  of  bio- 
chemical structure  laboratory*  structure 
analyses  of  fructose,  iaonyooirycin, 
pontadienea,  antibiotics.  (See  also  13). 

Dr.  Uiepko  0.  Perdok,  Research  Associatei  X-ray  analyses 
of  podophyllotoxin  haloaoetatea.  (See 
also  III  A.) 

Joergen  Rathlev,  Research  Assistanti  X-ray  analyses  of 

pyrldll  antihistamines  and  a-lipoic  aoid. 

ft*.  Tokunosuke  Watanabe',  Research  Associatei  I-ray  analyses 
of  aureomycin  and  terramyoin  Balts*  (See 
also  III  D.) 

Thomas  Doyne,  Graduate  Assistanti  X-ray  analysis  of  terramyoin 
and  aureomycin  salts. 

Dr.  Robert  Collin,  Research  Associate!  X-ray  analysis  of 
jervlne  hydrohalidaa,  vitamine  deriva- 
tives and  fragments.  (See  also  III  D.) 

Octavio  Cano-Corona,  Rockefeller  Felloui  X-ray  studiea  of 
Jervino  hydrohalidaa.  (See  aleo  III  D.) 

Dr.  Xlaas  Erika,  Research  Associates  X-ray  analyse a of 
castoramine  salts,  thebaine  and  methyl - 
thebair.e  salts. 

Dr.  Gerhardt  Schmidt  , Rockefeller  Fellows  X-ray  analyses 
of  Graraioidin-S  and  synthetic  polypeptides. 

Dr.  Elyaiario  Tavcra**,  Research  Associatei  X-ray  analysis 
of  the  oitrovorum  factor. 

Dr.  Donald  Smita**,  Research  Associatei  X-ray  analysis  of 
furaagillin. 
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**Beginnlng  September,  1952 
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the  Fall  of  1952*  Completion  of  several  of  the  problems  listed 
above  will  permit  attacks  on  additional  compounds*  ino'Luding  the 
struotures  of  tropine  and  peeudotropine , gelsemine,  oouraingine, 
various  poly saochar ides , desoxyribonuoleotidea  and  -nuoleosides, 
and  new  antibiotics* 

This  group  is  conducting  X-ray  analyses  of  the  molecular  con- 
figurations of  organio  substanoes  of  medical  importance*  The  struc- 
tures of  ergine,  colohioine , isoayoonyoin,  tropolone  methyl  ether, 
pyridyl  antihistamines,  fruotose  and  glutamine  have  been  oompletely 
determined,  and  analyses  of  jervine,  terrarqycin  and  aureonycln, 
podophyllotoxin  and  several  other  compounds  are  nearing  completion • 

In  general,  the  biochemical  studies  are  cones*,  sad  with  struc- 
tural problems  which  have  not  responded  to  usual  chemical  methods* 


B.  Bl92b£Blgfl3L.PE2B<ii:fl^^gnaJP£fimBa 

Dr*  George  Overend,  Research  Associate*  selection  and  pre- 
paration of  crystalline  biochemical  deriva- 
tives} advisor  on  significance  of  bio- 
chemical problems* 

Gina  Overend,  Research  Assistant*  preparation  end  chemical 
analyses  of  crystalline  derivatives* 

Maartjs  Eriks*  preparation  and  chemical  analyses  of  crystal- 
line derivatives*  (See  also  III  B. ) 

Perhaps  the  most  oritical  step  in  X-ray  analyses  of  complex  bio- 
chemical materials  is  the  choice  or  oorcpoands  and  the  preparation 
of  oryatalline  derivatives  higlily  amenable  to  X-ray  attack.  In- 
vestigations in  this  phase  of  the  biochemical  research  are  supported 
by  a grant  from  the  Rockefeller  Foundation}  and  the  selection  and 
preparation  program  has  prol ited  very  greatly  from  the  competence 
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of  Dr.  George  Ovarend  and  the  enthusiastic  aasistanoe  of  Mrs.  Overend. 
hfrs.  Eriks  has  just  been  added  to  this  program  (April  26,  1952). 

Advice  on  compounds  for  X-ray  analysis,  and  crystalline  material, 
has  also  been  furnished  by  prominent-  biochemists  from  this  country 
ana  abroad. 


V.  X-Ray  Tnstrvmentat Ion .Programs, 

A.  Hlgh-BrllHanqe  Mlgrp-Boam  .X-ray  TQfltoi lqua a , for  Diffraction 
Studies  of  Single  Crystals  of  Microgcoolo  Size. 

Dr.  R.  Pepinsky,  Research  Professor i general  Instrumentation. 
(See  also  I A,  II,  III,  IV.) 

Kaj  Drenok,  Visiting  Asst.  Professor*  micro-beam  X-ray  tube 
design*  photon-counter  goniometers.  (See 
•leu  III  A,  D. ; 

P.  Frank  Elland,  Research  Fellow*  mlorooryatal  teohniqueai 
direct  piiotoD-counter  goniometer*.  (See 
also  I B,  IV.) 

Dr.  Wiapko  G.  Perdok,  Research  Aegociatei  micro- crystal 
techniques.  (See  also  III  A,  IV.) 

Teruo  Noguohl,  Research  Assietanti  acintlllation-orystal 
# photon  counters*  (See  also  I A,  III  D.) 

Henri  Diamant  , Research  Associate*  electronic  and  mechani- 
cal design. 

Niels  Olesen*,  Research  Assistant*  taeohanical  design  and 
construction. 

Kenneth  Ott,  Technician*  mechanician. 

This  program  is  concerned  with  the  further  development  and 
the  utilization  of  fine-focus  high-brillianoa  micro-beam  X-ray  tubes, 
for  diffraotion  studies  of  single  crystals  of  microscopic  Con- 

tractual support  for  the  research  is  now  being  sought.  As  soon  as 
funds  permit,  graduate  students  and  additional  technicians  will  be 
added  to  the  group. 


beginning  June  ar  July,  1952. 
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All  investigators  and  technicians  of  V At  above  > and  in  addition I 

Ralph  Ityarst  Teohnioiani  eleolronio  circuit  oonstruotlon. 

Sarau a 1 Meyers,  Taohnioiani  electronic  circuit  construction. 
James  McCann t Teohnioiani  X-ray  equipment  maintenance . 

(See  also  III  A.) 

Melvin  Johnson  Teohnioiani  X-ray  equipment  oonotruotica 
and  maintenance. 

Max  Williams t Teohnioiani  general  construction  and  main- 
tenance • 


This  group  Is  concerned  with  new  construction  ant!  maintenance 
of  general  X-ray  diffraction  equipment  and  related  instrumentatiaif 
including  intenaity-stablllzisig  and  -measuring  olroultry. 


Robert  Ebeling,  Chief  Photographer * 
Kalaola  Eekley,  Photographer. 

Silvia  Silver  1 


Jeffrey  ^ Photograph lo  Assistants 


(See  also  I 3.) 


Virginia  Jeffrey  J 

Paul  Wilmarth  \ 

Thomas  E.  Quickel  ) Draftsmen. 


Judith  Needleaan , So o ret ary, 
Berthe  Creasing  \ 

Marlon  Gross  * 

Jtrrtle  Karaten  | 

Sally  Scull in  ^ Stenographers* 
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Sylvia  Silver  ! 

Henrietta  Snyder  } 

Elizabeth  Davis,  Budget  and  Records  Clerk. 
Karin  Drenck,  Editorial  Assistant. 


A research  program  on  neutron  diffraotion  of  single  crystals, 
with  particular  application  to  transition  studies;  is  under  arrange* 
raent  in  collaboration  with  Brookhaven  National  Laboratory*  This 
will,  in  essence,  supplement  present  X-ray  studies*  Some  staff 
■embers  for  this  program  hare  already  taen  ohoeen.  It  is  hoped  that 
the  program  can  be  initiated  by  July,  1952* 


IZ.  Laboratory  Layout* 

The  present  layout  of  the  X-ray  and  solid  state  laboratory  is 
shown  in  figure  1„  The  latest  faoility  to  be  added  is  the  Collins 
Cryostat  for  production  of  liquid  helium,  which  will  be  installed 
in  the  iipaoe  indicated  on  May  19-23* 

All  X-ray  equipment  will  eventually  be  moved  from  present  loca- 
tions to  room  7,  adjacent  to  the  present  laboratory*  The  proposed 
arrangement  of  this  X-ray  laboratory  ia  shown  in  figure  2*  Space 
now  occupied  by  the  X-ray  equipment  will  be  utilised  for  desks  and 
expanded  solid-atato  facilities*  The  proposed  ultimate  arrangement 
of  the  'present  main  X-ray  roomf  which  will  be  aitsrod  to  provide 
offioe  epaoe,  is  shown  in  figure  3* 


***’ 


X.  New  Laboratory  Personnel  since  May.  1QS2, 


Janes  Deysfesr  l 
Eugene  Tomer  ) 

Draftsmen 

f 

Jean  Martin  1 
Nonas  Waters  j 

Secretaries 

1 

Richard  Denton  ] 
Michael  Bubel  1 
Robert  Petr  oaky  1 
Anthony  Petr ilia  ] 

! 

^ Electronic  Technicians 

5 

Charles  Helenius 

Laboratory  Assistant 

1 

( 

Elliott  Burrell 

Physical  Chemist 

William  Pavelioh 

Inorganic  Chemist 

j 

i 

Tara  Pur  shot tam. 

Biochemist 

t 


Physics 
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To  date  the  work  of  the  biochemists  of  this  Department  may  be 
-"divided  roughly  into  three  aspects.  Firstly,  a survey  is  undertaken  of 
LjJ compounds  of  unknown  structure,,  which  have  important  biological  properties, 
Li—  Often  compounds  are  provided  by  the  original  investigators,  who  inquire 
5^  whether  information  regarding  structure  can  be  furnished  by  X-ray  methods, 
e=*  A thorough  literature  research  is  undertaken  and  the  results  are  condensed 

o 

T”  into  a brief  tut  critical  review  of  knowledge  about  the  compounds  and  of 
the  problems  requiring  solution.  An  appraisal  is  forwarded  of  the  value  of 
X-ray  methods  in  solving  the  problems  posed,  compared  with  the  possibility 
of  their  solution  in  a commensurate  time,  by  the  methods  of  classical 
organic . c hemistry. 

After  the  decision  is  made  to  undertake  an  X-ray  structural 
investigation  of  a particular  compound,  suitable  derivatives  such  as  salts, 
isomorphous  pairs  or  complexes  containing  heavy  atoms  are  prepared.  This 
often  involves  the  development  of  a variety  of  crystallisation  techniques. 
Close  liason  is  maintained  with  the  X-ray  analyst  to  insure  that,  as  far  as 
is  practically  possible,  he  is  provided  with  crystalline  derivatives  of 
optimum  size  and  habit  and  of  favorable  space  group,  thereby  offering  a 
maxi  gum  chance  of  success  in  establishing  the  structure  of  the  compound. 

So  far  our  nain  interests  have  been  concentrated  on  certain  alkaloids, 
such  as  jervine,  gelsemine,  etc.,  some  antibiotics,  for  example 
tsrrsmycin  and  aureomycin,  and  certain  carbohydrates  like  heparin  and 
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thu  Schardinger  Dextrlns.  However,  cany  other  compounds  a*  biological 
interest  have  been  appraised  and  the  information  about  them  recorded 
for  future  use.  Atoong  such  compounds  *?e  desoxyribonucleotidea, 
fumagellin,  d-lipoic  acid,  visnagen-  nocardamin,  citrovorum  factor, 
coumingine,  macrozamin,  dianhydrohexitols  and  cordycepin. 

Finally  considerable  time  has  been  expended  in  equipping 
this  small  biochemical  unit,  to  make  it  an  efficient  adjunct  to  an  X-ray 
crystallography  laboratory  which  has  particular  interest  in  crystalline 
biochemicals  of  physiological  or  medicinal  value. 
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1-Rav  Invff at IgA  t i on  on  the  Structure  of  *ureoBgc<n 
and  its  Related  Compounds 
T.  Watanaoe  and  T - H»  Doyne 


We  have  eetabliahed  the  isomorphism  between  aureocnycin  and 
terramycin  hydrochlorides.  This  suggests  that  the  molecular  structures 
of  these  two  antibiotics  is  closely  related.  We  have  also  found 
another  modification  of  terranycin  hydrochloride.  At  present  we  are 
studying  the  crystal  structure  of  aureonycin  hydrobromide,  the  crystals 
of  which  were  first  prepared  in  this  laboratory.  The  unit  cell 
dimensions  and  the  space  group  of  aureomycin  hydrobromide  are: 

a - 23.24,  b - 20.79,  c - 8.35,  z - 8,  0222, 

The  two-fold  symmetry  axes  running  to  the  three  principal  axes 
permit  us  to  make  use  or  the  criterion  that  there  should  be  no 
appreciable  electronic  density  along  these  axes,  as  well  as  the  usual 
non-negativity  criterion. 


X-Ray  Analysis  of  PodophyllgtsaciB 
Bromo-  and  Chloro-  Acetate a 
W.  G.  Psrdok 


Since  the  X-ray  analysis  of  bromo-podophyllotoxin,  as 
previously  reported  from  this  laboratory  in  the  review  of  Sept--) 

1,  1951, gave  no  straightforward  solution  to  the  problem  ox  the 
molecular  structure  of  this  important  mitotic  poison,  a new 
attack  on  this  problem,  via  the  halogen  acetic  esters  of  the 
compound,  appeared  necessary* 

Podophyllotojcin  is  the  most  important  compound  found 
among  a number  of  drugs  that  a an  be  extracted  frcin  the  root  of 
podophyllum  pel ta turn  (May-Apple)*  It  is  of  physiological  interest 
for  reason  of  its  antimitotic  activity.  On  injection  it  causes 
severe  damage  to  malignant  tumours  in  mice,  in  a rather  specific 
•.ray,  so  that  a knowledge  of  its  structure  is  of  importance  in 
the  chemotharapeutical  attack  of  the  cancer  problem.  Though 
much  is  already  known  about  the  molecule  of  pod ophy 11 o toxin 
from  chemical  investigations,  the  structural  formula  is  not  yet 
established,  particularly  as  to  the  stereochemical  configuration 
of  the  lactone  ring.  No  method  is  more  straightforward  for  the 
solution  of  stereochemical  questions  than  X-ray  analysis  of  crystal- 
line compounds,  provided  that  a compound  can  be  found  which  allows 
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a dliect  solution  of  tho  structure  analysis  by  the  hoavy  atom 
or  iseffiorpheus  substitution  method.  Up  to  now  the  first  approach 
was  applied  to  broraopod  ophy  11  o toxin , but  this  did  not  give  enough 
information  to  indicate  a definite  stereochemical  structure  for 
the  pouophyllotoxin  molecule.  Therefore  a new  attack  has  been 
made  on  this  problem  following  the  second  method  of  isomorphcus 
substitution  using  the  halogen  aoetic  esters  of  the  compcund. 

These  esters*  recommended  by  and  available  from  Drs-  J.  Hart- 
wall  end  A*  W.  Schrecker  of.  the  National  Institute  of  Health, 
might  be  expected  to  exist  in  isomorphous  crystals.  The  esters 
were  prepared  and  kindly  put  at  cur  disposal  by  Dr.  Schrecker. 

The  mBlting  points*  as  measured  by  Ur.  Schrecker,  are* 

Compound  M.P.  H.P. 

(immersed  at  150°C)  (inaersed  at  lSO0^) 

podophyllotoxin-chloros.ce  tate  208°-209° 

podophyllotoxin-bromoacetate  . 190° 

podophyllotoxin-iodoacetate  192° 


2090-2IO0 

195° 

196° 


Hie  melting  i3  accompanied  by  dec  caposi tion , and  the 
samples  immersed  at  the  higher  temperature  gave  higher  molting 
points  for  this  reason. 

Tho  morphological  and  optical  investigation  of  those 
compounds  indicated  strongly  that  tho  crystals  wero  orthorhombic 
and  isooorphous.  Tho  crystals  are  prismatic  needles,  terminated 
by  two  small  faces.  The so  latter  faces  gavo  weak  but  sharp 
ref  loot  ions  on  tho  two-circlo  optical  goniometer,  while  tho  prism 
tacos  gavo  unsharp  or  mltlplo  signal  images.  Consequently  the 
axial  ratios  a:b  and  c:b  wore  loss  accurately  determined  than 
that  of  c:&,  from  tho  morphological  observations. 

Morphological  data: 

orwiorhocibie:  a:b:c  ■ 1.15  : 1 : 0.58, 
c:a  » 0.506. 

Observed  forms:  a (lOO);  m (110);  r (10\). 


angles : 

9 

0 

1 

b (010)  not  obs. 

o« 

90° 

a (110) 

Al° 

o r\n 

r w 

r UOl) 

90° 

26°  51 

a drawing  of  tho  crystal  is  shown  as  figuro  1. 

Tho  crystals  aro  quite  strongly  doublo-rofr-.cting;  they 
extinguish  parallel  to  tho  prism  odgo  (c-axis),  the  c-axis  being 
the  direction  of  the  "slow®’  vibration  in  comparison  to  tho  c-axis 
The  optical  'ixial  figure  through  (iOO)  was  typical  of  a two-axial 
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crystal  p«i pendicular  to  tho  obtuse  bisectrix*  To  ebook  the 
morphological  development  against  tho  X-ray  unit  coll,  oscill aticn 
photographs  Here  taken  of  the  bromo-coapound  about  the  throe 
cryct  llographic  axos.  All  those  photographs  showed  a symmetry 
lino  noypcridieular  to  tho  rotation  axis;  thus  tho  crystal  bolcngs 
definitely  to  the  orthorhombic  system,  a higher  symmetry  boing 
oxclu  od  by  tho  optical  properties*  From  tho  osciliilior*  photo- 
graphs tho  cell  dimensions  wore  calculated  as  a ■ 17.5a,  b - 15. 3X, 
and  c « 6.7°,  giving  tho  axial  ratios  a : b : e ■ 1.15  : 1 : 0.57, 
agreeing  with  tho  morphological  axial  ratios  within  the  limit  of 
errors. 

Tho  volumo  of  tho  unit  coll  is  2340°^ . Tho  molocular 
weight  of  podophyllot oxin-brcn.oo.ceta  to , 535-34, 

enu  the  density  of  the  crystal  is  calculated  as  1.526  for  4 
molecules  in  tho  cell.  ..n  experimental  density  dotormination 
gave  the  value  1.51. 

For  the  chlorine  compound,  C^K^OgCl  (M.W.  * 490.88), 
tho  calculated  density  is  1.39;  the  experimental  determination  cl3o 
gave  the  value  1.39.  Thoso  dotonninations  wero  made  in  Thculot'o 
solution  because  of  tho  high  solubility  of  the  compounds  in 
organic  hoavy  liquids  liko  chloroform,  bromofora,  etc. 

Determination  cf  space  group. 

Woissenberg  photoglyphs  of  tho  zero,  first  raid  second 
lovels  wero  takon  with  the  crystH.  rotating  about  the  c and  b axes. 


The  c-iucxs  photographs  ahcuvod  two  axes  at  <-.n  angle  of  exactly  yO'- . 
horcnvi.j?,  both  axes  were  symaotry  linos  of  the  VJoissenbo rg.  pattern. 
The  spacing  on  the  axes  wore  17,6  and  15.3°  respectively,  in 
• .gruomont  with  tho  spacing 3 found  on  tho  oscillation  photographs. 
The  only  soro  lovol  photograph  showod  extinction  restricted  to 
the  axes,  hOO  and  CkO  being  observed  only  ■shea  h and  k arc  ovon, 

Tho  b axis  photograph  again  showed  two  axes  at  «n  angle 
of  70°,  both  being  symmetry  linos  of  tho  pattern,  T5i«  s pacings 
on  thu  axes  now  were  found  to  be  8.7?i  end  17,6a,  in  agreement 
./ItL  tho  values  found  before,  tho  only  extinctions  wore 

rCO  and  001  whon  h or  1 arc  ovon.  Thoso  extinctions  indicate 
uniquely  that  the  space  group  is  ?2_  (Dj^).  -a  this  space 

group  has  only  fourfold  positions,  the  number  of  raoloculcs  in  the 
unit  coll  must  be  4 or  a multiple  of  4}  end  the  density  and  coll 
constants  had  already  indicated.  4 c.e  tho  multiplicity.  There  is 


no  reason  why  tho  heavy  atom  should  bo  in  a special  position,  so 
there  is  a very  good  c banco  that  a straightforward  solution  can 
be  accomplished. 


PrAT-SmSnary  considerations  of  tho  structure. 

The  b-axis  of  brano-podophyllot  oxLn  has  a porieuicity 
of  o.3°.  This  invites  comparison  with  tho  o-axiai  length,  5.7a, 
ii.  tho  hnloacctetos » Tho  b-cxis  in  brorjo-podophyllotoxin  was 
3hown  to  bo  perpendicular  to  tho  more  or  loss  flat  meloculc:  and 
it  seems  that  the  podophyllotoxin  residue  in  tho  ease  of  the 
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naloacotatos  is  essentially  perpendicular  to  tho  e-axis.  Tho 
similarity  in  this  spacing  suggests,  furthermore,  that  the 
haloacctato  chain  oxtends  in  tho  plane  of  the  molecule.  In 
tho  bromoacotaio  the  (OOi)  reflection  is  very  strong  in  the 
socond  ardor,  missing  in  tho  fourth,  end  vary  weak  in  tho  sixth. 
This  indicates  a flat  molecule  with  its  piano  porpondieular  to 
c,  and  separated  in  tho  c— direction  by  i/2  o . This  separation, 
of  is  a reasonable  thicknoa.?  for  a noarly  flat  molecule. 
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Hartwoll  and  Schrockor’s  proposed  structure)  for  the 
podophyllo toxin  derivatives  is  shown  in  Fig*  1»  abuvo. 


R - K: 


R - -O-C-CKgCli 
P 


R ■ -Q-C-CHgBr: 

P 

R ■ "0-W3H^I; 


Br  in  place  of  R: 


Podephyliotcadn; 

Podophyllo  toxir.  dilorcaect  nto ; 
PodopuyllotoxLn  bvonoacotatc ; 
Podophyllo toxin  iodoacotato; 
Hromopodophyllotoxin. 


Tho  ovidonco  that  the  noloculc  is  nearly  flat  suggests 
that  tho  -CHg  and  -Cs0^osiduos  on  ring  "B"  aro  in  a trane 
relationship*  This  is  in  agreement  with  tho  conclusions  of 
Hartvioll  and  Scnrockor,  basod  cn  ehosicnl  ovidonco;  but  it  is 
too  early  to  roly  cn  tho  X-ray  support  for  this  arrangement. 
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I&L  Crystal  Structure  of  Some  Hydrohalides  of  Jervine 
R.  Collin  and  C.  Corona 


Jarvine,  with  the  empirical  formula  C2^H^^0^N,  is 
an  alkaloid  whose  chemical  structure  has  not  yet  been  estab- 
lished. Jarvine  readily  forms  crystalline  hydrohalides  and 
four  of  these  have  been  investi^iecL  • The  unit  cell  and 
space  group  data  for  these  crystals  are  as  follows: 


Jervins*KCl'CH3QH 

fo 

7.44  i 

^0 

10.0  & 

cQ  $pace  Group 

36.6  A P212121 

Jervine *HBr*CH3OH 

7.56 

10.10 

37.0  *2Ah 

J ervins  *HI 

11.00 

7.92 

16.28  112.6®  P21 

Jervine  *HBr 

10.6 

7.61 

16.3  109.0®  P21 

Phases  for  the  (h0&)  zone  have  been  determined 
using  both  Jervine *HI  and  Jervine *HBr.  These  two  compounds 
appear  to  offer  the  best  possibility  for  a complete  structure 
determination-  The  Fourier  projections  that  have  been  obtained 
all"w  some  deductions  to  be  made  as  to  the  possible  chemical 
configuration  of  the  Jervine  molecule. 


Crystal  Structure  of  Some  Antihistamines 
1 and  ^3-halogenophenyl-l-(2-pyricLvl) 

-3-pyrrolldinoprop-l-ene  hydrohalogenides , 

C18H19N 

J.  Rathlev 


These  compounds,  which  are  of  the  type 


C 
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show  cis-trans  isomerism.  The  s o-called  o(-f  orm  is  much  the  more 
potent  antihistamine,  but  conclusive  evidence  for  the  relative  posi- 
tions of  Rp  R^,  and  R^  in  the  two  forms  is  not  obtainable  from 
chemical  properties. 

Since  the  0(-form  is  triclinic,  it  presents  a very  difficult 
structural  problem.  The  ^3-form  proved  to  be  simpler.  It  is  monoclinic 
with  the  space  group  P2^/c.  Furthermore, two  isamorphous  derivatives 
of  this  form  are  available  (a  chloro-  and  a bromo-compound) . 

Fourier  projections  along  the  short  a-axis  (approximately  6 X) 
snowed  the  molecule  decrly  after  several  approximations.  The  configu- 
ration about  the  double  bond  is  the  following: 


At  present,  the  structure  is  in  the  process  of  refinement 
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Crystal  Structure  of  Castora/rdne 
K.  Eriks 

The  investigation  of  the  structure  of  castoramine  lias  just- 
beeri  started  in  this  laboratory.  Caa to ranine,  isolated  from  beaver 
scent  glands,  is  an  alkaloid  with  the  empirical  formula.  ^5^23®^* 

No  chemical  data  about  it3  ring-system  are  available,  except  that  it 
is  saturated,  which  suggests,  that  it  is  a pent-acyclic  compound. 

The  castoramine  is  obtained  in  the  form  of  a sulfate  and  a 
aelenate,  which  salts  were  found  to  be  isomorphous,  from  optical  and 
X-ray  data. 

The  space  group  is  orthorhombic,  probably  P2%  2^2  or  P2-, 2^2^, 

with  axes: 


sulfate 

selenate 

i 

a - 15.2? 

a - 15.55 

b = 12.8 

b - 13.0 

0 

n 

00 

• 

-0 

to 

c “ 8.8^ 

t 

• 

The  unit  cell  contains  four  molecules  of  the  compound. 
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Bis— Cyc  o uentadiene  Fe 


Ci  oo 


F.  Eiland 


t | j This  crystal  has  been  examined  by  X-ray  methods  and  found 

,T~  to  be  in  the  monoclinic  space  group  F2^/n  with  the  lattice  constants 


a - 5.94 
b - 7.52 


c - 9.00 


Z3- 


82®  . 


A measured  density  of  1.516  gms/cc  led  to  2 molecules  per  cell.  Tiiis 
places  the  Fe  atoms  in  two  related  centers  of  symmetry  and  reveals 
that  the  molecules  are  centr  asymmetrical.  Intensity  data  using  MoKft 
radiation  is  being  collected  and  a structure  analysis  will  be  carried 
through  via  Patterson  and  electron  density  functions. 
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Antibiotic  X. 
F-  Filand 


A structure  analysis  of  the  Rb  salt  of  Antibiotic  X 
(RbC^H^ ^NSO^)  has  been  undertaken  with  no  prior  knowledge  of  the 
compound  other  than  the  emperical  formula.  From  rotation  and 
“eissenberg  films  the  cell  constants  were  found  to  be 

a - 5.07 

b - 3.35 
c - 29.9 
Sp.G.  - P21/n 

z ■ 4 molecules/cell. 

The  phases  of  the  Rb  and  S atoms  were  used  in  the  first 
Fourier  synthesis.  Subsequent  Fourier  syntheses  were  calculated 
by  placing  atoms  at  the  positions  of  observed  maxica*  The  second 
Fourier  projection  revealed  a possible  5 atom  ring  containing  the 
S atom*  The  structure  was  very  recently  solved  by  chemical  means 
and  U3e  will  be  made  of  this  development. 
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F.  ELLand 


A single  crystal  Geiger  spectrometer  for  accurate  measure- 


CJ>  ments  of  integrated  intensity  has  been  designed  and  constructed.  The 


geometry  of  the  target,  pinhole  and  crystal  is  so  arranged  that  a sta- 


tionary crystal  in  proper  position  will  have  all  planes  of  the  same  in- 


dices reflecting  simultaneously.  For  this  condition  it  is  possible  to 


GO  monitor  the  target  with  a second  Geiger  tube  and  use  a number  of  counts 
^ from  it  as  a meter  against  which  counts  from  the  crystal  can  be  compared. 


This  by-passes  the  difficult  problem  of  stabilizing  the  high  voltage  and 


tube  current  of  the  X-ray  tube,  for  very  accurate  measurements  of 


scattered  intensities. 
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Image  Seeking  Macnino 
A.  Hoodie  and  T.  Noguchi 

Image  seeking  methods  of  Patterson  function  analysis  recently 

^introduced  by  Buerger  have  been  shown  to  be  powerful  in  crystal  structure 

f > 

determination.  Unfortunately  they  involve  a considerable  amount  of  labor 
JSSfwhen  the  functions  involved  are  computed  by  hand.  Further,  as  more 
powerful  functions  are  employed  the  labor  involved  increases  steeply. 

It  would  therefore  appear  desirable  to  construct  an  image  seeking 
machine,  preferably  employing  the  most  sensitive  function,  the  minimum 
function.  In  order  to  exploit  the  advantages  of  the  image  seeking  method 
to  the  fullest  extent  the  machine  should,  if  possible,  satisfy  the  fol- 
lowing requirements: 

(a)  It  should  be  capable  of  computing  the  minimum  function 
continuously  and  displaying  it  as  a two  dimensional  contour 
map- 

(b)  It  should  be  capable  of  computing  the  function  from  a many- 
sided  polygon. 

(c)  Variation  of  both  the  number  and  position  of  the  vertices  of 
the  polygon  should  be  readily  achieved. 

(d)  It  should  be  possible  to  employ  bond  angle  and  bond  length 
data  directly  while  image  seeking. 

The  machine  which  is  'under  construction  appears  to  satisfy  most 
of  these  requ-remente. 


I 

UR 
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In  essence  tne  machine  consists  of  a cylinder  vihich  can  bs 
rotated  at  3400  RFii  and  translated  at  one  inch  per  second.  Two  intensity 
modulated  Fatterson  functions  aie  fixed  to  the  cylinder  and  stops 
£ ijusrted  so  that  after  translation  of  one  unit  cell  a reversal  switch  is 
made  and  the  cycle  repeated.  The  direction  of  rotation  is  not,  of  course. 


altered. 


A polygon  vertex  is  represented  by  a pickup  head  consisting  of 


a fine  prcbs  feeding  a photomultiplier  and  cathode  follower.  The 

illumination  for  this  probe  is  provided  by  a D.C.  lamp,  the  light  from 
which  is  focused  by  means  of  a lucite  rod  and  lens. 

The  cathode  follower,  ap&rt  from  providing  a low  impedance  out- 
put, also  forms  hilf  of  the  minimising  circuit.  This  circuit  consists  of 
two  diodes,  suitably  biased  and  connected  across  the  cathodes  of  two 
cathode  followers.  Thus  the  minimum  signal  from  any  number  of  probes 
can  be  selected  continuously. 

The  whole  process,  of  course,  contains  non-linear  elements. 
Nevertheless  the  non-linearity  is  the  same  for  all  probes  so  that  a true 
minimum  is  selected. 

The  whole  process  is  then  linearised  at  the  last  stage  by  suitably 


choosing  the  levels  at  which  a contour-line  generator  will  fire.  Time 
bases  are  driven  from  the  rotation  and  translation  so  that,  with  a contour- 
line generator,  an  X-RAC  type  display  can  be  achieved. 


'"V,  ~ 


scans. 


This  method  offers  the  considerable  advantage  of  eliminating 
the  spatial  distortion  inevitable  on  cathode  ray  oscilloscope  displays. 


and  the  lesser  advantages  of  decreased  non-linearity  in  intensity,  and 


rapk  -0.7. 


Such  a method  of  recording  could,  of  course,  be  employed  with 


the  normal  X-RAC  contour  line  presentation. 


The  direct  use  o'  bend  angle  and  bond  length  data  should  be 
possible  since  the  position  of  the  probes  will  be  controllable  from  a 
molecular  model.  The  intensity  modulated  Patterson  function  can,  of 
course,  be  obtained  by  a number  of  methods.  Thus  an  X-RAC  photograph 
without  contour  lines  could  be  taken,  or  a purely  optical  synthesis 
could  be  employed. 

Finally,  however,  a facsimile  recording  system  is  envisaged. 
Here,  the  X-RAC  signal  will  be  fed  directly  to  a Phillip's  lamp  which 
gives  light  intensity  variation  up  to  250  kc.  The  light  from  this  lamp 
will  be  scanned  across  photographic  paper  synchronous  with  the  X-RAC 
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Study  of  Perovskite  Ferroelectric s 
G-  Shiran e 


Q GO 


(1)  (K-NajNbO^s  KNbO^j  ia  a ferroelectric  which  is  of  the  same  type 
as  BaTiC^,  hut  the  properties  of  NaNbO^  are  open  to  question. 

By  the  dielectric  and  structural  studies  of  the  phase  diagram 
of  (K-NajNbO^  we  want  to  determine  the  essential  differences  in 
in  the  properties  of  KNbO^  and  NaNbO^. 

(2)  PbHfO^j  Previous  studies  of  Pb'fiOo  and  PbZrO^  showed  interest- 
ing diedectric  properties  in  these  crystals,  so  it  is  of  interest 
to  study  PbHfO^  in  order  to  compare  this  crystal  with  the  above 
two  crystals. 


i I 
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Ferroelectric  Compounds  of  the  Ilmgnite  Type  > 
A.  Jiagnali 


The  recent  statement  that  lithium  niobate  and  lithium 
.tantalate  show  ferroelectric  properties  seems  to  be  in  conflict  with 
' the  crystal  structure  data,  which  place  ' hese  compounds  among  the 
CJ>  non-polar  stmcture3  of  ilmenite  type.  This  discrepancy  has  suggested 
further  studies  of  this  matter,  including  dielectric  measurements 
(Dr.  G.  Shirane)  and  crystal  structure  studies,  which  have  been 
started  quite  recently.  In  order  to  get  further  information  concerning 
Q GO  ihe  crystal  chemistry  of  niobium  and  tantalum,  crystal  structure 

investigations  of  the  oxides  of  these  elements  ^the  high  temperature 
modifications  of  the  pentoxides)  are  now  under  way. 


aessiMiiS 


of  Transitions  in  the  MHoPO;.  Series 


B.  C.  Frazer 


All  of  the  tetragonal  crystals  KH2FQ4,  KH2A»04,  HI3H2PC4, 

/X  RbH^AsO^,  and  C3H2PO4  have  been  reported  to  undergo  ferroelectric  transi- 
' 1 tdons  at  low  temperatures.  We  have  recently  found  that  C5H3A3O4  ex- 

dXI  r>  Mbits  the  same  type  of  behavior.  In  additxon,  most  of  these  have  been 

^Vl  studied  and  reported  to  ba  ferroelectric  when  deuterium  is  substituted 

«^(  Li  1 

XI  _ f for  hydro  gun.  Crystals  of  NH4rt2P04  and  NH^aAsO^  also  have  low  tam- 

^ uZ 

^ perature  transitions  that  appear  to  be  related  to  the  above,  but  neither 

p1^  of  these  becomes  ferroelectric.  Our  interest  in  these  compounds  is 
C3  CO  from  a structural  viewpoint.  We  would  like  to  find  evidence  in  the 

changes  in  crystal  structure,  and  through  comparative  crystal  chemistry 
among  the  members  of  this  class  of  compounds,  for  the  mechanism  of  the 
transitions.  In  addition,  we  hope  that  the  observed  structural  changes 
will  provide  an  understanding  of  their  anomalous  dielectric  behavior. 
Considerable  progress  has  bean  made  recently  in  our  study  by 
the  completion  of  an  X-ray  analysis  of  the  transition  in  KH2P0^.  The 
crystal  has  a relatively  simple  tetragonal  structure  above  the  transi- 
tion point  (122°K).  It  becomes  orthorhombic  below  the  transition,  and 
with  the  absence  of  a center  of  symmetry  in  projection  whs  structux'o  be- 
comes a somewhat  more  difficult  problem.  Although  the  room  temperature 
structure  is  a well-known  one,  wo  redetermined  it  just  above  the  transi- 
tion point.  Ihe  reason  for  this  was  two-fold.  We  wished  to  study  the 
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character  of  the  relatively  simple  tetragonal  case  before  proceeding  to 
the  .more  iiifficu.lt  orthorhombic  structure.  In  addition  «e  expected,  and 
."c-oncS,  so u,a  small  changes  in  the  structure  which  coaid  serve  not  only  to 
ps"evid«s  a gx>b  starting  point  for  the  other  structure  but  also  might 
serve  to  t,;ro‘,‘-  com#  light  on  the  mechanism  of  the  transition.  The  two 


most  sugnificanv  findings  of  this  pr sliminary  analysis  were  the  ob«<erva- 


, o o. 

tion  of  a marked  contraction  in  the  hydrogen  bonds  (from  2.53  A to  2.45  A) 


and  a change  in  K’)«  col; figuration*  At  room  temperature  each  potassium 
is  surrounded  by  eight  practically  equidistant  oxygens.  In  the  structure 
tba  transition  ooint  four  of  the  oxygens  are  at  ono  distance 


•?n  of  n UrkVM 

jmow  auv  vo 


and  the  other  four  are  at  s dsf.iiu. tely  larger  one.  The  larger  uis- 


\ 


tances  are  associated  with  nearest  oxygens  of  PO^  groups  directly  a- 

bcve  and  holo*  the  potassium  ( thinking  the  tetragonal  c-axis  as  ver- 

\ 

tical).  Also  observed,  in  the  Fouri*.  projections,  was  a strongly 
•nisotropic  temperature  vibration  of  the  potasb^'ims  parallel  to  the 

r— cxis.  In  the  ciraeturs  hslo-  the  transition,  lev 'T 3 3 found  that  the 
potassi-’ias  were  displaced  by  0.08  A along  the  t-  direcSfcicn  (relative  to 
the  phosphorus  positions).  The  phosphorus  atoms  were  f ^ave 


a/oved  (relative  to  their  practically  unchanged  0;  tetrahsd^^-  surround- 


ings) by  0,03  a.  These  results  are  of  particular  interest  in\^e*  °-T- 


i.ho  ferroelectric  polarization 


of  ths  crystal  peLfaiJ,ei  to  the  C— 


fe«s  have  .jUKt  begun  cx-ystal  chemical  study  of  the  MHpP0>  \ 


series.  There  are  t«o  main  points  of  interest  here.  The  first  is 


1 


f 


3 


concerned  with  the  depression  of  the  dielectric  constant  and  the  rais- 
ing o"  the  Gurie  point  when  a larger  alkali  ion  is  used  in  the  series. 
The  second  is  the  question  of  dimorphism  exhibited  by  certain  members 
o_  the  series.  In  the  cases  of  HbHoPO^  and  CSK2PQ4  and  in  certain  of 
the  deuterium-substituted  compound^  monoclinic  and  tetragonal  modifi- 
cations exist. 

The  dielectric  measurements  have  been  conducted  primarily 
to  ascertain  the  Curie  point  in  CsH^sO^  and  to  compare  dielectric 
constants  in  the  series  for  the  purpose  mentioned  above.  Out  of  this, 
however,  some  very  interesting  measurements  at  elevated  temperatures 
have  been  made.  Among  these  has  been  the  observation  of  dielectric 
hysteresis  effects  in  CsHgAsO^  in  its  tetragonal  phase.  These  are 
apparently  not  ferroelectric  in  origin,  but  they  are  of  general  in- 
terest and  are  being  checked  for  possible  ferroelectric  nature. 

At  present  these  studies  are  being  conducted  on  other  members  of  the 
series. 
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The  Shattering  Transition  in  ADF. 

A.  Relation  of  ADP  to  the  ferroeleetrie  dlhydrogen  phosphates  KDP  and  RDP. 
1*  Dielectric  constant  versus  temperature  curves  for  ADP  compared  to 

those  for  KDP  and  RDP. 

2.  Mixed  crystal  studies  show  a linear  decrease  of  ADF  shattering 
transition  temperature  with  increasing  RDP  content, 

B.  X-Ray  investigations  to  date* 

1*  Room  Temperature  structure  of  ADP.  Space  Group  I42d, 

2.  Oscillation  Photographs  of  low  temperature  modification,  when  indexed 
in  terms  of  room  temperature  lattice  yield  reflections  which  are  not 
compatible  with  room  temperature  structure . 

New  Low  Temperature  X-Ray  Goniometer. 

A.  Purpose*  The  study  of  low  temperature  ferroelectric  and  related 
transitions. 

B.  Adaptable  to  oscillation,  Wsicser.berg  and  powder  photographs  and  to 
Geiger  Counter  Measurements^ 

C.  Description, 


1.  Mount. 


. 4 


2.  Dewar. 

3»  Camera  Carriage  and  Cameras, 

4*  Geiger  counter  spectrometer  table, 

5.  Vacuum  system, 

6,  X-ray  tube  ana  housing* 
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Structure  Determination  of  LiMi^C^Hj 0^ »HrQ 
R.  Vernon 

A determination  of  the  room  temperature  structure 
of  LiNH^C^H^O^ ‘HgO  and  its  isomorph  LIRbC^H^Q^H^O  has  been 
made*  The  chief  interest  is  in  the  ammonium  compound  which; 

(1)  (2  j io} 

as  suggested  by  the  data  of  Scholz,  Jaffe,  ' and  Masonw' 
have  recently  found  to  be  ferroelectric  below  about  98°K  by 
Matthias  and  Hulm,^  and  Merz.^ 

Weiasenberg  photographs  were  taken  of  both  crystals. 
The  space  group  was  found  to  be  P2^2j2  with  four  molecules  per 
unit  cello  Cell  constants  are  given  in  Table  I. 

Table  1. 

Cell  Dimensions  for  NH^  and  Rb  Isomorphe. 


Dimensions  in  Angstroms 

a 

b 

c 

™4W6iH20 

7.36 

14.60 

6.47 

LiRbC^O^frjO 

7.87 

14.68 

6.35 

Patterson  syntheses  on  X-RAC  quickly  gave  the  positions 
of  the  heavy  rubidium  atcms,  at  x = 0,  y - 0,  z - -0.06-5  and 
synmetry-related  points.  Their  positions  are  such  that  they  contribute 
to  only  half  of  the  structure  factors.  The  Fourier  projections 
baaed  on  the  structure  factor  phases  of  the  Rb  atom  thus  add  false 


i 


■ ^ »J  J*M-  -1  fMiiau*  *«*  *•»'»>-  tirtttetw  •»  k • *<?.'  «*  <•«*<*■#  ••  >JK*  « ***(1 


s juiriet ry  to  the  true  electron  density.  Various  techniques 
were  tried,  to  determine  the  structure  from  these  ambiguous 
Fourier  projections.  A model  of  a tartrate  molecule  actually 
proved  most  useful.  Atomic  coordinates  are  given  in  Table  II. 

Table  II. 


Atomic  Positions 


NH, 

4 

(0,  0 

-.065) 

C(6) 

(.28, 

.3?0, 

.815) 

°d) 

( .102, 

.063, 

.41) 

C<1) 

(.210, 

.120, 

.45) 

°(2) 

(.36, 

.125, 

.38) 

°(2) 

(.155, 

.197, 

.59) 

0H(3) 

(.99, 

f 

.185, 

• 64) 

C(3> 

( .27, 

.211, 

.77) 

WM 

,(.255, 

.135, 

.915) 

°(4) 

(.255, 

.302, 

.91) 

°(5) 

(.20, 

.290, 

.08) 

H2° 

(.18, 

.42,  . 

35) 

A comparison  of* these  structures  is  made  with  that 
of  Rochelle  salt,  which  is  also  ferro electric. 


^H.  Scholz,  Dissertation,  Gottingen,  1940. 

(^H.  -Jaffe,  Brush  Devslopment  Co.,  Final  Report  to 
U.  S»  Signal  Corps,  Contract  No.  W-2S-003,  Sc,  1563. 

\3)ni.  P.  Mason,  Piezoelectric  Crystals,  van  Nostrand, 

New  York,  1950,  p.  233. 

Mb.  1\  Matthias  and  J.  X.  Hula,  Phys,  Rev.  82,  108  (1951). 
(5)w.  J.  Merz,  Phy3.  P.sv.  82,  562  (1951). 
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Structure  of  Amonium  Metaohosphata „ Hay^hydrate . 
Kaj  Drenck 


The  ammonium  metaphosphate  was  prepared  according  to  a method 
described  by  5.  Tamann.  On  inspection  for  ferroelectric  effect  it  showed 
a hysteresis  loop,  the  dielectric  constant,  however,  being  low. 

Th8  X-ray  examination  gave  as  a result  the  space  group1  G2  and 
the  lattice  constants: 

a - 20. 16  A 

b - 6.9^  ft  99.1* 

c - 6.4,  ft 

5 

Tne  cell  dimensions  suggest  that  the  compound  may  be  a dimeta- 
phosphate although  such  a compound  has  net  previously  been  observed. 


A vacuum  adiabatic  calorimeter  has  been  constructed  to  Investi- 


gate the  anomalous  specific  beat  curves  of  ferroelectric  crystals  ex- 
hibiting transitions  between  90°  and  300°K.  Measured  amounts  of  heat 
are  added  electrically  to  the  sub  a tan  oe , the  specific  heat  of  Which  is 
to  be  determined*  and  the  corresponding  temperature  rises  ars  computed 
by  extrapolating  the  observed  equilibrium  temperature  drifts  before  and 
after  each  heating  period.  A aeries  of  such  observations  enables  one 
to  plot  0^  versus  InT  far  a substance  over  an  extended  range  of  temper- 
atures. The  graphical  integration  of  this  curve  between  the  temperatures 
and  gives  the  entropy  change  between  these  temperatures.  The 
postulation  of  a "normal"  heat  curve  allows  one  to  find  the  entropy 


change  due  to  the  transition  alone. 

The  apparatus  includes  the  calorimeter  proper*  consisting  of  the 
inner  container*  the  adiabatic  shield*  and  the  vacuum  .jacket*  and  the 
associated  electrical  circuits  for  determining  and  controlling  the 
temperature  and  measuring  the  energy  added  tc  the  substance  investi- 
gated. 
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Ra  near  oh  en  Ferroel?9trio  TranadU98Ea 
P , Tamar kin  and  W • J • Canty 


Ths  ,ori£  on  ferroalactric  transducers,  a phase  of  the  general 
ferroelectric  program  being  carried  on  in  thee,  Interims,  -7  be  divided 
into  too  major  parte.  The  flret  part,  freeently  being  developed,  ie  to 
useea  knoen  end  forthcoming  ferroelectrice  from  the  point  or  vise  of  their 
ability  to  traneduce  electrical,  elgnal.  into  ecou.tical  cnee.  Bie  seocmd 
phase  of  the  transducer  program  is,  at  the  moment,  a projected  plan  to  explain 
in  fart  the  physical  basis  of  ths  transducing  ability  of  a partic 
ferroelectric  from  the  vi-point  of  eiectrical  and  acoustical  energy  losses. 

Assessments  of  the  relative  merits  of  various  ferroelectric  trans- 
duce. -ill  be  mad.  by  measuring  directly  the  ratio  of  acoustical  peer  out- 
put to  electrical  power  input.  The  ferroelectric,  .ill  be  formal  into 

ceramic  disk,  under  varying  conditions  of  temperature,  pressure,  binding 

, ice  agr.va  in  tmn  s.s  th#  soured  of 
agent,  selected  impurities,  etc.,  and  nil!  **  LUi 

an  acoustic  beam  propagated  into  eater  contained  in  a tank.  This  beam  ia 
obtained  by  applying,  to  the  transducer,  pulsed  electrical  carrier  signal, 
having  a frequency  rang,  of  50  kc  tc  Imc.  The  resulting  accuetical  field 
aill  be  scanned  by  a small  free. measuring  mlcrcfhcns  mad.  of  barium 
tltanate . The  elsctrical  output  of  this  micrcphcn.  is  ampllfimi  and 
presented  on  me  oscilloscope.  («ta.  ^Ise  m.t*d  is  usd  to  differentiate 
between  the  signal  directly  incident  on  the  microphone  end  those  reflected 
from  the  calls  of  the  tank,  -hioh  can  thereby  be  limited  in  site.)  From  the 


i 


<1 
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pressure  measurements,  pointnisd*  intensities  can  be  calculated  and 
integrated  over  the  solid  angle  of  the  beam  thus  giving  the  acoustical 
power  output  of  the  transducer.  Simultaneously  measurements  of  the 
electrical  power  input  are  to  be  made  and  thus  the  electro-acoustic 
efficencies  of  the  transducers  can  be  calculated,  and  then  used  to  in- 
dicate the  n»st  suitable  ferroelectric  and  method  of  preparation. 

The  procedure  described  above  will  give  an  immediate  indication 
of  the  transducing  ability  of  a ferroelectric  and  is  thus  of  practical 
importance.  However,  the  explanation  of  this  electro-acoustic  behavior 
will  be  forthcoming  only  upon  gaining  a knowledge  of  the  inherent  sources 
of  electrical  and  acoustical  energy  loaaes  in  the  ceramic  and  single 
crystals,  as  well  as  of  the  piezo  snd  elastic  coefficients  of  the  ferro- 
electric. Aa  a second  part  of  the  transducer  program  we  intend  to  determine 
these  characteristics , confining  ourselves  initially,  «fc  least,  to  an 
extends 2 study  of  the  scur-ces  of  energy  losses . Experijeental  details  of 
this  study  have  not  yet  been  planned  however. 


* 
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On  The  Theory  of  Ferro electricity  In  BaTiO^. 
G.  Barsch 


Among  all  crystals  with  polar  (non-cantrosymmetric) 
structures  those  exibiting  a permanent  electric  polarization 
are  of  particular  interest  concerning  empirical  knowledge  of  the 
forces  acting  in  crystals.  These  electrically  polar  crystals  can 
be  classified  into  two  groups*  they  are  called  pyroelectric  if  the 
spontaneous  electric  polarization  cannot  be  influenced  by  an 
^h«p.icternal  electric  field*  and  they  are  called  ferroelectric*  if  the 
CZdspontaneous  polarization  can  be  reversed  by  an  electric  counterfieid. 


Q Co 


Lu  Most  of  the  ferroelectric  crystals  known  so  far  show  traditions  and 
t-i—  follow  a Curie-Weiss  law  for  the  dielectric  constant,  Any  theory 

cl'  electrically  polar  crystal  has  to  account  for  the  following  empi- 
rical facts t 

1.  The  occurrence  of  a Dolar  structure  of  a given  compound;  the  stabil- 
ity of  a certain  structure  as  a function  of  temperature  and  the 
occurrence  of  transitions. 

2.  The  numerical  value  of  the  spontaneous  polarization  and  the  law 
of  its  temper ature  dependence. 

3 . The  (numerically  high)  value  of  the  dielectric  constant  and  the 
law  of  its  temperature  dependence. 

4.  The  numerical  value  of  the  coercive  field  of  tingle  crystals  and 
polycrystalline  material  and  the  law  of  its  temperature  dependence. 


In  particular  it  oust  bo  shown  that  the  coercive  field  for  those 
crystals,  which  are  known  aa  pyroelectrics,  is  greater  than  the 
dielectric  breakdown  rield  strength. 

Ehile  the  task  mentioned  under  point  1 ha::  not  as  yet  been 
solved  absolutely^  various  attempts  have  been  made  to  explain  the  facts 
of  points  2 and  3.  The  moat  elaborate  theories  are  tnoae  oy  Devon- 
shire and  Slater.  However  even  these  theories  aro,  in  general,  more 
qualitative  than  quantitative  in  the  description  of  the  empirical 
phenomena.  A quantitative  theory  has  been  attempted  in  this  labora- 
tory jji  GauOu  sion  of  a theory  by  Born  on  the  temperature  dependence 


of  the  pyroelectric  moment 


An  Improved  Apparatus  for  Rapid  Qualitative  Tsirtisg 
on  the  Piezoelectric  Effect  of  Crystals 
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Piezoelectric  crystals  play  a very  inporta nt  part  in  modern  oscillating 
circuits , and  therefore  new  materials  with  strong  piezoelectric  coupling  and  low 
temperature  coefficients  are  in  demand.  For  this  reason,  and  also  to  aid  in 
determining  the  symmetry  of  crystals,  it  has  become  necessary  to  have  a piezo- 
electric crystal  detector  that  will  give  quick,  reliable,  qualitative  results. 

0 The  apparatus  being  constructed  is  base  on  the  uisbe-Sheibo  uriuoipis 

1 «t»  iisas  a frequency  modulated  signal  to  produce  the  frequency  variations  that 
Use  applied  to  the  crystal.  The  circuits  have  been  designed  by  Prof.  Perdok, 

Ud  his  experience  with  related  equipment  is  of  very  great  value  to  us. 

The  frequency  modulated  signal  can  be  adjusted  to  a band  width  of  50 
<Jlloaycle 3 , which  changes  over  this  range  st  60  cps.  with  this  apparatus  the 
piezoelectric  effect  of  crystals  may  bs  observed  on  an  oscilloscope  or  detected 
by  earphones. 
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Growth  of  Inorganic  Crystals 
W.  Scheyer  and  E.  Zeny&n 

Crystals  are  grown  in  this  laboratory  from  melts,  solutions,  and 
the  vapor  phase.  Special  techniques  are  utilized  when  highly  Insoluble 
materials  must  be  prepared  from  solution,  and  a large  amount  of  work  has 
been  done  in  gels. 

For  synthesis  of  crystals  from  melts  there  are  available  two 
giebsr  furnaces,  a Support  commercial  furnace,  a platinum  furnace,  and 
a high  induction  furnace.  Other  furnaces  have  been  constructed  for  special 
purposes.  The  rates  of  heating  or  cooling  can  be  controlled  as  desired 
by  means  of  Brown  and  Leeds  and  Nortfcrup  potentiometers  and  recording 
devices.  The  temperature  ranges  available  are  from  -5°C  to  2300oC. 

Ingredients  for  synthesizing  crystals  from  melts  are  usually 
the  oxides  and  carbonates-  with  fluxes  if  necessary.  Because  of  the  high 
melting  points  of  some  of  the  reactants,  ceramics  are  sometimes  prepared. 

Where  possible,  crystals  are  prepared  from  their  water  solu- 
tions. In  the  case  of  simple  salts  it  is  preferred  to  prepare  the  water 
solution  from  the  reaction  of  the  acid  and  base  rather  than  by  double 
decomposition.  However,  if  the  addition  of  one  solution  to  smother  leads 
directly  to  a precipitate,  special  devices  such  as  diffusion  tubes  can  be 
uaed.  Gels,  which  are  used  as  slow  diffusion  and  minimum  micleation 
media,  often  yield  crystals  which  cannot  be  prepared  directly  from  their 
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solutions.  Constant  temperature  Ub.  (both  a cold  water  M and  oil 
baths)  can  bo  regulated  for  any  temperature  within  ths  range  -5  to  10C°C 
Identification  of  crystals  can  easily  and  sulci  m 
gonionetric  or  microscopic  means.  or  hi  I-«7  studies.  If  any  doubt 
crisis  a.  to  the  stoichiometric  composition  of  the  cryst^o,  otomioal 

quantitative  analysis  is  used* 
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J . McLaughlin,  M.  Eriks 


and  E.  Francis* 


In  apparatus  has  be-in  constructed  to  measure  tbs  dielectric 


. o o 

properties  of  crystals  over  a temperature  range  fron  -193  C to  700  C. 


Temperatures  from  room  tempera  cure  to  -193  C are  obtained  by  surround- 


ing  the  crystal  holder  with  liquid  nitrogen*  For  temperatures  shore 


room  temperature  up  to  700  C,  a furnace  is  used*  It  is  also  possible 


to  check  the  crystal  at  any  tine  for  hysteresis  loops* 


Tbs  present  series  of  experiments  are  for  the  purpose  of  study- 


ing solid  solutions  of  KNbC^  and  KaKbO^*  The  prime  purpose  of  this 


program  is  to  investigate  crystals  of  varied  chemical  composition  for 
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structural  phase  changes  and  ferroeleotriolty*  Since  no  accurate  method 


of  predicting  a ferroelectric  structure  has  been  found,  these  investi- 


gations are  to  screen  all  crystals  which  ©an  be  grown. 


new  crystal  holders  are  to  be  designed  for  the  simultaneous 


measurement  of  a standard  substance  and  an  unknown  substance.  It  is 


also  now  possible  to  use  liquid  helium  to  obtain  temperatures  dowt  to 


—269  C* 


